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ABSTRACT:  A study  has  been  made  of  the  effect  of  loading  variables  and 
obturation  on  the  burning  characteristics  of  delay  powders  consisting  of 
manganese,  barium  chromate  and  lead  chromate.  Th3  effects  of  increment 
size,  quantity  of  igniter  used,  inside  diameter  of  the  delay  body,  type 
of  loading  ram  and  loading  pressure  were  investigated.  Recommended  limits 
for  the  loading  variables  are  presented.  The  maximum  increment  size  and 
also  the  permissible  increment  size  variation  decrease  with  a decrease  in 
bqdty  diameter.  The  increment  size  in  '.'203  I.D.  delay  bodies  was  varied 
between  200  and  700  mg  without  an  appreciable  effect  on  the  burning  rate. 

The  amount  of  igniter  charge  can  affect  the  burning  characteristics  of  the 
delays.  Fifty,  thirty,  twenty,  and  twenty  mgs  of  igniter  are  recommended  for 
delays  having  internal  diameters  of  V203,  '.'13*6,  V123,  and  U10?  respectively. 
The  smaller  the  diameter  of  the  delay  body,  the  more  difficult  it  is  to 
obtain  sustained  burning  of  the  slow  burning  compositions.  Although  the 
slowest  mixture  (.08  inch/sec)  burned  satisfactorily  at  -6£°F  in  $203 
diameter  bodies,  the  mixture  failed  to  burn  in  l’l£6  diameter  bodies. 

Loading  pressures  between  21,200  psi  and  38,800  p3i  were  found  to  have  a 
negligible  effect  on  the  burning  rate  of  the  delay  powder.  Obturated 
delays  were  found  to  have  a burning  rate  approximately  30JS  higher  than 
vented  delays.  It  is  concluded  that  the  burning  characteristics  of  the 
compositions  studied  are  primarily  a function  of  the  formulation.  The 
loading  variables  will  not  appreciably  affect  the  burning  time  of  the  delay 
providing  they  are  held  within  the  recommended  limits. 
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This  Report  outlines  the  results  of  a study  of  one  phase  of  the  project. 
Development  of  Gasless  Fuse  Powder  (N0L-Re2e“10i|-2).  The  investigation 
was  made  to  determine  the  effect  of  varying  the  loading  parameters  on  the 
burning  characteristics  of  manganese,  lead  chromate  and  barium  chromate 
delay  powders;  and  to  recommend  limits  within  which  they  could  be  varied 
without  adversely  affecting  the  burning  characteristics.  The  results  of 
this  investigation  are  intended  for  the  use  of  the  Naval  Ordnance  Laboratory 
and  .should  be  of  interest  to  other  activities  engaged  in  developing  pyro** 
technic  delays. 
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EFFECT  OF  LOADING  VARIABLES  ON  THE  BURNING 
CHARACTERISTICS  OF  DELAY  POWDERS 


INTRODUCTION 

1.  A pyrotechnic  delay  powder  composed  of  manganese t lead  chromate,  and 
barium  chromate,  is  at  present  being  considered  for  use  In  a variety  of 
ordnance  devices.  In  the  design  of  the  required  c'.elay  elements,  knowledge 
of  the  effect  of  various  loading  variables  on  the  behavior  of  this  powder 
is  required.  A study  therefore  has  been  made  of  the  effeot  of  the  follow- 
ing variables  on  delay  behavior* 

a.  increment  size  in  loading 

b.  size  of  igniter  charge 

c.  body  diameter 
de  type  of  ram 

e.  loading  pressure 

f.  venting  and  obturation 


Procedure 

2.  In  making  these  studies,  a variety  of  mixtures  wae  used.  All  were 
prepared  in  three  pound  batohea  according  to  the  procedure  outlined  in 
reference  (a),  using  Mn  pre treated  according  to  reference  (h),  methods 

f and  g.  The  burning  times  and  the  compositions  of  the  mixtures  investigated 
are  listed  in  Table  I» 

3.  lhese  investigations  included  both  ventod  and  obturated  delays.  The 
delay  bodies,  procedure  for  loading  the  compositions  in  the  bodies  and  the 
delay  assemblies  are  shown  in  Plates  1 through  5.  She  delay  columns  in  all 
cases  were  loaded  at  30.000  psl  except  when  delays  were  prepared  to  investi- 
gate the  effeot  of  loading  pressures.  In  loading  bodies  using  the  cone  ram, 
the  igniter  and  the  adjoining  increments  at  both  ends  of  the  delay  powder 
were  pressed  together.  In  flat  ram  loadings  all  increments  including  the 
igniter  were  pressed  separately. 

4.  The  firing  Jig  for  the  delays  is  shown  in  Plates  6 and  The  delays 
were  timed  using  the  method  outlined  in  reference  (b).  Vented  bodies  were 
initiated  with  Dupont  S=67  electric  squibs.  A base  charge  of  about  15  mg 
of  black  powder  was  used  in  the  vented  delays.  The  completely  obturated 
delays  were  initiated  with  a low  energy  electric  initiator  that  contains  5 mg 
of  lead  styphnate.  The  base  charge  in  this  case  was  a smokeless  powder 
pellet  or  a 70  mg  black  powder  pellet. 
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5.  Cold  tests  were  run  in  a temperature  controlled  roan  at  temperatures 
varying  from  -70°  to  -60°F=>  The  firing  jig  heated  15)  to  about 
4 maximum  during  the  firing  runs.  High  temperature  tests  were  run  in  a small 

box  with  temperatures  varying  from  415?°  to  1?0°F.  Hie  temperatures  of  the 
firing  jig  were  not  taken  during  these  runs. 


Increment  Size  Studies 

6.  In  an  effort  to  determine  the  effect  the  increment  size  of  the  delay 
powder  has  on  the  burning  time  of  these  delays , the  following  tests  were 
carried  out.  D-7  mixture  was  loaded  in  2203  diameter  bodies,  in  increment 
sizes  as  indicated  in  Table  II.  These  were  fired  at  room  temperature  and 
the  burning  times  recorded  in  Table  II  and  plotted  in  Plate  8.  The  results 
of  thin  test  indicate  that  increment  size  affects  both  the  height  of  the 
delay  column  and  the  resulting  burning  time  for  a given  weight  of  delay 
powder.  However,  Plate  8 indicates  that  within  these  limits  the  burning 
times  In  seconds  per  unit  length  of  delay  column  is  constant  regardless  of 
the  increment  size  used. 

7.  A more  thorough  study  was  then  made  of  the  effect  of  increment  size  on 
delay  burning  times  and  column  heights  in  7203  bodies.  The  data  taken  are 
shown  In  Table  HI  and  plotted  in  Plates  9,  10  and  11.  Burning  time  and 
column  height  data  indicate  that  if  increment  size  variations  are  kept  within 
reasonable  limits  the  effect  on  the  burning  characteristics  of  the  delay  will 
be  negligible.  For  7203  bodies  it  is  recommended  that  delay  powder  increment 
sizes  be  kept  between  200  and  700  mg.  Burning  times  of  delays  loaded  as 
recommended  may  be  considered  directly  proportional  to  column  height  and  both 
in  turn  proportional  to  the  weight  of  delay  powder  used  provided  that  the 
diameter  of  the  column  and  the  loading  pressure  are  held  constant. 

8.  Mixtures  F2,  M2,  S2  and  X2  were  loaded  in  7156  bodies  with  increment 
sizes  xarying  from  100  to  300  mg.  These  delays  were  fired  and  timed  and 
the  results  recorded  in  Tables  IV,  V,  VI  and  VII.  These  results  were 
plotted  on  Plate  12.  Results  indicate  that  for  these  mixtures  varying  the 
increment  sizes  from  100  to  300  does  not  affect  the  burning  times  of  the 
delay.  It  is  recommended  that  for  l'l$6  bodies  increment  sizes  be  kept  in 
this  range. 

9.  Mixtures  F2  and  M2  were  loaded  in  7125  bodies  in  75s  150,  and  250  mg 
increments.  These  delays  were  fired  and  times  recorded  in  Tables  VIII  and 
IX  and  plotted  in  Plate  13.  In  mixture  M2  the  250  mg  increments  gave 
shorter  burning  times  than  would  be  expected.  This  seems  to  result  from 
delay  powder  getting  between  the  ram  and  the  walls  of  the  delay  body,  there- 
by causing  excess  wall  friction  and  reducing  the  effective  loading  pressure. 
It  Is  therefore  recommended  that  in  7125  bodies  increment  sizes  larger  than 
150  mg  be  avoided. 

10.  In  a similar  manner  the  data  listed  in  Tables  X and  XI,  and  plotted  in 
Plate  lit,  show  that  for  a 7109  body,  increment  size  of  the  order  of  20C  mg 
produced  faster  burning  rates  than  expected.  It  is  recommended  that  in  7109 
bodies  increment  sizes  not  exceed  125  mg. 
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ll.  The  foregoing  indicates  that  the  optimum  increment  size  for  production 
loading  of  delay  columns  should  be  selected  not  only  with  an  eye  towards 
getting  the  smallest  number  of  increments  but  also  towards  getting  an  increment 
size  that  is  small  enough  to  eliminate  the  probability  of  loading  irregular- 
ities due  to  excessive  wall  friction « 

Minimum  Igniter  Studies 

12o  In  order  to  determine  the  minimum  amount  of  igniter  powder,  which  would 
reliably  ignite  these  delay  powders  at  all  temperatures,  a slow  burning 
mixture  with  a specific  burning  time  of  over  llt.O  seconds  per  inch  was  used. 

These  delays  were  loaded  in  o' 203  bodies  using  the  rams  shown  in  Plate  1 5 and 
the  methods  illustrated  in  Plate  16, 

13c.  The  results  of  this  study  (see  Table  XII)  indicate  that  regardless  of  the 
loading  procedure  used,  20  mg  of  F33B  igniter  will  give  ignition  at  77°Fo 
However..,  at  «65°F  20  mg  will  give  ignition  only  with  flat  ram  loading. 

However..  50  mg  did  provide  ignition  in  all  delays  at  all  temperatures. 

ll.  It  is  recommended  tliat  in  loading  delays  in  ”203  bodies  a minimum  of 
50  mg  of  igniter  be  used.  In  cold  box  tests  of  smaller  diameter  delays 
(see  Tables  III  through  X)  smaller  charges  of  igniter  were  used  and  found 
to  be  satisfactory.  The  following  charges  are  therefore  recommended  as 
minimum  for  all  diameters* 

”203  50  Eg 

il56  30  mg 

i‘125  20  mg 

;i0 9 20  mg 

Body  Diameter  Studies 

15.  At  times,  because  of  space  limitations,  it  becomes  desirable  to  decrease 
the  size  of  the  delay  body  to  a minimum.  In  the  design  of  a delay  column  it 
is  important  to  know  what  burning  area  is  required  to  provide  sufficient  heat 
for  the  self  burning  propagation  of  the  delay  column.  For  this  reason,  studies 
•were  made  to  attempt  to  relate  the  burning  characteristics  of  the  delay  column 
with  burning  rate  of  the  conroosition,  diameter  of  the  burning  area  and  the 
temperature.  Delay  bodies  having  internal  diameters  of  .203,  .156,  .125  and  • 

.109  inches  were  used  in  these  s txid3.es . The  delay  bodies  were  loaded  with 
compositions  that  had  burning  rates  in  the  order  of  0.36  to  0.08  inches  per 
second  at  room  temperatures.  Burning  rates  were  calculated  graphically  from 
Plates  12,  13,  lit  and  19.  The  results  of  these  tests  are  shown  in  Table  XIV. 

The  height  of  delay  column,  weight  of  delay  powder  vised  and  delay  column 
diameter  have  the  relati onship s shown  in  Plates  21,  22,  23  far  all  the 
mixtures  used. 

16.  The  delays  were  tested  at  room  temperature  (77°F  and  ~65°F).  Mixture  F2 
which  has  a burning  rate  of  approximately  0.35  inches  per  second  burns 
satisfactorily  in  all  diameters  at  all  temperatures . Mixture  M2  with  a 
burning  rate  of  approximately  0.11  inches  per  second  burns  satisfactorily  in 

all  bodi  es  at  77°F  but  produced  duds  when  burned  in  ”125  and  .109  bodies  at  -65°F. 
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Mixture  82  with  a burning  rate  of  approximately  0.09  inches  per  second 
bums  satisfactorily  at  all  temperatures  in  ”203  and  L’1^6  bodies  but 
failed  to  bum  in  "123  or  "109  bodies  a Mixture  X2,  the  slowest  mixture 
used  in  this  study  at  a burning  rate  of  0e08  inches  per  second  burned  at 
a!3  temperatures  in  "203  bodies,  but  only  at  room  temperature,  in  l'l36  bodies,, 

17c  Tlse  above  results  indicate  that  there  exists  a relationship  between 
burning  rate,  column  diameter  and  ability  to  sustain  burning  at  various 
temper?  tures.  The  quantitative  determination  of  this  relationship  was  beyond 
the  scope  of  this  task. 


Effect  of  Different.  Rams 

18.  In  the  ignition  of  some  types  of  pyrotechnic  mixtures  a cone  or  stepped 
ram  is  used  tG  increase  the  ignition  area.  However,  loading  with  a cone  ram 
i3  more  difficult  than  with  a flat  ram  due  to  the  tendency  of  the  composition 
to  adhere  to  the  surface  of  the  cone.  In  order  to  determine  whether  a cone 
ram  is  necessary  for  the  reliable  ignition  of  this  type  of  delay  column,  a 
study  was  made  using  two  different  rams  as  illustrated  in  Plate  13  and  loaded 
as  oreriously  mentioned  in  Plate  16.  Table  XII  indicates  that  there  is  no 
significant  difference  in  ignition  due  to  the  different  rams  used.  However, 
a cone  ran  shortens  the  effective  column  length  of  the  delay  train  thereby 
giving  reduced  total  burning  times.  Data  given  in  Table  XIII  and  plotted  in 
» Plates  1?,  18,  19,  and  20  illustrate  this  point. 

Effect  of  Varying  Loading  Pressures 
v 

1 9»  In  order  to  determine  the  effect  of  the  loading  pressure  on  the  burning 
characteristics  of  the  delay  column,  the  following  test  was  conducted: 

Delay  columns  U203  in  diameter  were  loaded  with  30  mg  of  F33B  at  the  primer 
end,  30  mg  of  F33B  at  the  base  end,  and  three  increments  of  350  mg  of  M2. 

Five  bodies  cf  each  were  loaded  at  varying  pressures  as  shown  in  Table  XV. 

These  data  indicate  that  loading  pressures  between  21,200  psi  and  38,800  psi 
have  a negligible  effect  on  the  burning  rates  of  these  powders.  The  main 
loading  pressure  of  30,000  psi  was  varied  4 29oh%  resulting  in  burning  time 
changes  of  4 3.33,  burning  rate  changes  of~4  .085,  and  variations  of  packed 
column  heigKts  of  4 2.^5-  Thu?  for  loading""pressures  in  this  range  (30,000  psi) 
the  effect  of  changing  the  loading  pressures  would  be  negligible  if  these 
variances  are  kept  within  4 35* 

Effect  of  Obturation  on  Burning  Rate 

20.  In  the  design  of  delay  elements  the  question  of  relative  behavior  of 
vented  and  obturated  delays  arises.  In  order  to  get  information  regarding 
the  effect  of  obturation  on  the  burning  rate  of  the  delay  the  tests  described 
below  *.rerc  conducted.  Bodies  shown  in  Plate  It  were  loaded  and  assembled  as 
indicated  in  Plate  3 for  these  tests.  All  loading  was  done  with  flat  rams. 

The  over-all  length  of  these  bodies  was  1S790  4 .003,  providing  a space  of 
approximately  0‘.'910  for  the  delay  column.  Two  series  of  bodies  were  loaded 
for  this  test  as  follows:  (1)  Series  A was  loaded  Tilth  30  mg  of  F33B  at  the 
primer  end.  Varying  amounts  of  delay  nowder  mixture  Ml  were  used  and  any 
cavity  remaining  at  the  base  end  was  filled  with  F33B  powder.  (2)  Series  B 
u was  loaded  with  varying  amounts  of  mixture  Ml  and  30  mg  of  F33B  at  the  base 

end  anc  any  cavity  remaining  at  the  primer  end  was  filled  with  F33B. 
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21o  Burning  tines  are  given  in  Table  XVT  and  the  results  are  plotted  In 
Plate  2h»  In  Plate  2k  burning  tines  are  plotted  against  the  column  length 
of  the  delay  train.  The  slope  of  line  A indicates  that  without  an  excess 
of  igniter  at  the  primer  end  a burning  time  of  6o£0  seconds  per  inch  is 
obtained  at  room  temperature.  This  eomoare3  with  a burning  time  in  ”203 
vented  bodies  for  Ml  of  about  9.20  seconds  per  inch  at  room  temperature. 
Therefore,  the  obturated  delays  tested  burned  approximately  at  a $0%  higher 
rate  than  the  vented  delays.  In  obturated  delays  the  effect  of  excess 
igniter  at  the  primer  end  is  greater  than  in  vented  delays.  Line  B in 
Plate  2k  illustrates  that  with  excess  igniter  the  burning  time  is  not 
necessarily  a linear  function  of  column  length.  Therefore  obturated  burning 
rates  greater  than  3 Off,  above  vented  burning  rates  can  be  expected  if  excess 
igniter  is  used. 


Rec  ommendations 

22.  It  is  recommended  that  loading  variables  be  kept  within  the  limits 
specified  in  Table  XVII.  It  is  further  recommended  that  flat  rams  be  used 
in  all  loadings  of  these  delay  powders.  It  is  further  recommended  that 
vented  delays  be  used  whenever  possible  in  the  design  of  fuze  trains. 

CONCLUSION 

23°  The  burning  characteristics  of  loaded  !ifa-PbCrC)j1-BaCrpit  delay  powders 
are  a function  primarily  of  the  formulation.  It  Is  not  feasible  to 
appreciably  change  the  burning  rates  of  delays  by  varying  the  loading 
parameters.  Plate  indicates  that  for  different  mixtures  there  Is  a linear 
relationship  between  specific  burning  time  in  inches  per  second  and  the  burn- 
ing time  for  delays  loaded  in.  the  same  manner. 
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TABLE  I 

Chemical  Compositions  and  Burning  Times  (at  77°F) 
of  the  Mixtures  Used  in  These  Studies 


Composition  (freight  3) 


Mixture 

Designation 

Kn 

PbCrO], 

BaCrOjj 

Specific 
Burning  time 
sec.  per  inch 

F-2 

U3-2 

32.3 

U.3 

3.0 

F-l 

U3.8 

33.2 

3.0 

3.2 

M-2 

33  oh 

37.6 

29.0 

8.6 

M-l 

35.0 

hOcO 

25.0 

9.2 

D-7 

3ho3 

37.2 

28.? 

9.8 

S-2 

31.U 

3U.6 

3U.0 

11.0 

X-2 

29.8 

32.2 

38.0 

12. U 

X-l 

31.  h 

3U.6 

3b.  0 

12.7 
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TABLE  II 

Burning  Times  and  Column  Heights  of  Delays  Loaded  With 
D-7  in  Varying  Increment  Sizes  In  aZ03n  Bodies 

(Igniter:  50  mg  F33B  Primer  End,  30  mg  F33B  Base  End,  Flat  Ram) 


Delay  Charge 
Total.  Weierht 

lns£§men££ 

Symbol  on 
aatjgjL.. 

Column 

■Sa&gMt 

Burning 

1400  mg 

2 of  700 

o701 

5.65 

n 

it 

*676 

5o47 

it 

4 of  350 

*650 

5*39 

n 

tt 

o047 

5*24 

it 

n 

0646 

5*37 

tt 

7 of  200 

„622 

4o96 

n 

n 

0638 

5.13 

ft 

n 

o633 

4*91 

700  mg 

1 of  700 

*360 

2.77 

rt 

ft 

.361 

2.72 

tt 

2 of  350 

o342 

2 066 

tt 

o350 

2o77 

it 

4 of  175 

*341 

2.71 

S3 

tt 

.343 

2.68 

n 

tt 

o340 

2o77 

it 

3 of  200 

.340 

2.67 

ft 

1 of  100 

o330 

2.59 

tt 

rt 

*340 

2.56 

? 
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& 

8 


*8 

*r> 

3 
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8 

<9 


« 

S 

O 


I 
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tie 
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1 
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8F 

8 

V 
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«*> 
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he 

SB 


+> 
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3 N, 

C *rt 

M CQl 
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«S«C 

p «H 

> O 

«s  Sc: 
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® 4» 
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* «rl 
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tilBh  NBirirt 

h p ^ ,o  O'  e *? 

c ■ c o o o 0 o 
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- “,?5«v 


g>  *>*> 


OfiSIWfc  «V  iH 
rt  f'trf-  o «r>  O' 

o o c o poo 


CO  «**  <H  %Q  0-t 

ptiH  if>  v\ 

o o © o o o 
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SS  £ £«*£ 

O g-j  ^ v? 


cH 
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^VvD  tO 
0 0*0 
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ITiOO 
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* ~65°F 


X®2  Loaded  la  ,3 £6"  Bodies 


COOTrweKTT./lT, 


12 

COHPSIffiWTlAS, 


* at  ”6^«  ( unreliable 2 since  some  duds  occurred) 
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Mixture  M»2  Loaded  in  *125"  Bodies 
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TABLE  XII 

Results  of  Minimum  Igniter  Studies  in  02Q3 "Bodies 


Type 

Loading 

Amount 

of 

Igniter 

Room  Temperature  (77°F) 

Cold  Box  (-65°F) 

7CT 

mg 

5” 

mg 

30 

mg 

20 

mg 

ro 

mg 

TCT- 

mg 

JO 

mg 

— <cr 

mg 

Cane  up 

4 

4 

+ 

4 

0 

4 

0 

0 

+ 

4 

4 ■ 

4 

0 

4 

4 

0 

+ 

4 

4 

4 

0 

0 

0 

Cone  down 

4 

4 

+ 

4 

4 

4 

4- 

+ 

+ 

4 

+ 

+ 

4 

4 

0 

0 

4 

+ 

4 

4 

4 

4 

. + 

0 

Flat  ram 

4 

4 

4 

4 

0 

4 

4 

+ 

4 

4 

4 

4 

0 

4 

4 

+ 

+ 

4 

4 

4 

0 

4 

4 

+ 

0 Duds 

+ Satisfactory  Ignition 
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TABLE  XIII 

Burning  Times  and  Column  Heights  as  a Function  of 
Different  Rams  for  all  Mixtures  Loaded  in  .203” Diameter  Bodies 

(Ignxoei-F33B“100  mg  x-rimer  End,  70  mg  Base  End,  Cone  Ram) 


Mixture 

F**2 

M-2 

S--2 

X-2 

Ht. 

JfesJL 

Tima 
(Sec.) ! 

Ht. 

(In.) 

Time 

(Sec.) 

Ht. 

(In.) 

Tima 

(Sec.) 

Ht. 

(In.) 

Tin© 

(Sec. 

).  Increment 

(350  mg) 

1 

2 

.38 3 

1.02 

.1x07 

2.68 

.1x26 

3.39 

. U3h 

3.86 

3 

.516 

l.Uo 

.570 

lx  .06 

.581 

lx.97 

.595 

5.92 

h 

5 

.769 

2.03 

.869 

6.60 

c90h 

8.5U 

.916 

9.9lx 

(lgniter-F33B-50 

rag  Primer  End,  30  mg  Base  End,  Flat  Ram) 

(350  mg) 

1 

2 

.312 

1.00 

.31x9 

2.79 

.359 

3.61 

.31x2 

lx.  25 

3 

>hhh 

1.36 

.1x97 

lx. 10 

.516 

5.3lx 

.527 

6.16 

h 

'5 

.711 

2.10 

.792 

6.62 

.836 

8.79 

.8U5 

10.10 
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TABLE  XIV 

Burning  Characteristics  as  a Function  of  Body  I.D. 


Mixture 

Diameter 

in. 

Cross 

Section 

Area 

in. 

Room  Temperature 
Burning  , Burning 
Time  Rate 

(sec/in)  (in/sec) 

Burning* 

Room 

Temperature  -65°F 

P-2 

.203 

.0305 

3.00 

0.33 

B 

B 

n 

.156 

.0192 

2.80 

0.36 

B 

B 

n 

.125 

.0123 

2.50 

0.1*0 

B 

B 

n 

.109 

.0093 

2.80 

0.36 

B 

B 

M-2 

.203 

.0305 

806O 

0.116 

B 

B 

n 

.156 

.0192 

8.80 

0.11U 

B 

B 

n 

.125 

.0123 

9 J.0 

0.110 

B 

F 

n 

.109 

.0093 

B 

F 

S«2 

o203 

.0305 

10.90 

.092 

B 

B 

u 

.156 

.0192 

11.00 

.091 

B 

B 

n 

.125 

.0123 

F 

F 

n 

.109 

.0093 

F 

F 

X-2 

.203 

o0305 

12.U0 

.081 

B 

B 

n 

.156 

.0192 

B 

F 

n 

.125 

.0123 

F 

F 

u 

.109 

.0095 

F 

F 

*B  a Burned  Satisfactorily 
«F  s Failed  to  Bum 
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TABLE  XV 

Effect  of  Loading  Pressure  on  Packed 
Density  and  Burning  Rate  of  Delay  Powders 


(O203,:  Bodies,  V.-2  Mixture,  Flat  Rare  3 Increments  of  350  rag  f?0  f 30  mg  of  F33B) 


Dial  Reading 

Pressure 

(psi) 

Average 
Column 
Height 
(Inches ) 

Average 

Burning 

Tims 

(seconds) 

Average  Burning 
Rata 

(inches/seeond) 

29 

21,200 

.518 

J40I8 

ol2U 

35 

25,600 

.511 

iulfc 

»12h 

ia 

30,000 

.505 

UoOli 

1S\ 

CM 

H 

0 

hi 

3k,h 00 

olj.96 

h„00 

ol2U 

53 

38,800 

cU92 

3.91 

„126 
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TABLE  XVI 

Burning  Timas  of  Sealed  Bodies 

Delay# 


Shot 

Series 

F33B 

Primer 

End 

Weight 

Delay 

Powder 

F333 

Base 

End 

Column 
Length 
(inches ) 

Bi’ming 

Tine 

(Seconds) 

1 

A 4 B 

50 

0 

litOO 

.050 

.20 

50 

0 

lllOO 

.050 

.21 

50 

0 

liiOO 

.050 

.22 

2 

A 

50 

35o 

1200 

.190 

1.17 

3 

A 

50 

700 

950 

.350 

2.10 

50 

700 

950 

.350 

2.13 

h 

A 

5o 

1050 

700 

Jj  95 

3.17 

50 

1050 

700 

.u95 

3.00 

5 

A 

5o 

1200 

580 

.560 

3«59 

5o 

1200 

580 

,560 

3 06O 

6 

A 

50 

XUOO 

U50 

,6U5 

itollj. 

7 

A 

5o 

1750 

200 

.755 

5o3Ji 

50 

1750 

200 

.795 

5.15 

8 

A 4 B 

50 

2100 

30 

o9U5 

6.11 

5o 

2100 

30 

6.07 

50 

2100 

30 

*9b$ 

60OS 

2a 

B 

1200 

350 

30 

.190 

.93 

3a 

B 

700 

IO5O 

30 

.U95 

2.38 

700 

1050 

30 

.U95 

2oh)i 

7a 

E 

250 

1750 

30 

.795 

hr,3h 

250 

1750 

30 

.795 

Iiilil 

*Belay  Column  Length  « length  for  Delay  Boeder  4-  Length  for  80  mg  F33B 
(50  Primer  'End  30  Det.  End) 
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PLATE  1 
VERTED  BODIES 


I 


\ 


o 

z 


I 


NOTE  1 - OVERALL  LENOTHS  VARY 
ACCORDING  TO  SIZE 
OF  ISLAY  COLUMN 


NOTE  2 - HOLE  REAMED  AS  FOLLOWSi 
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PLATE  2 

LOADINO  PROCEDURE 
VENTED  BODIES,  CONE  RAH 

1-INCREMENT 


DELAI 


A -5  BLACK  POWDER,  30,000  PSI,  FLAT  RAM. 
BASE  IONITER,  MACH. PRESS  30,000  PSI, 
FLAT  RAM. 

DELAI,  1-INCREMENT,  HAND  PRESSED,  CONE 
RAM. 

F-33-B  PRIMER  END,  HAND  PRESSED, CONE 

RAM. 


A-5  BLACK  POWDER,  30,000  PSI,  FLAT  RAM. 

BASE  IONITER,  MACH. PRESS  30,000  PSI, 

FLAT  RAM. 

2ND  DELAI  INCREMENT,  HAND  PRESS,  CONE  RAM. 

1ST  DELAI  INCREMENT,  MACH.  PRESS  30,000  PSI 
CONE  RAM. 

IONITER  PRIMER  END,  HAND  PRESS,  CONE  RAM.'  „ 


A-5  BLACK  POWDER,  30,000  PSI,  FLAT. RAM. 

BASE  IONITER,  30,000  PSI  MACH. PRESS,  FLAT 
RAM. 

LAST  DELAI  INCREMENT,  HAND  PRESS,  CONE 
RAM. 

2ND  DELAI  INCREMENT,  MACH.  PRESS  30,000  PSI, 
CONE  RAM. 

1ST  DELAI  INCREMENT,  MACH. PRESS  30,000  PSI, 
CONE  RAM. 

PRIMER  END  IONITER,  HAND  PRESS,  CONE  RAM 


AS  NUMBER  OF  DELAI  INCREMENTS  INCREASE,  LOADING  IS  UNCHANGED. 
(ALL  ADDITIONAL  DELAI  INCREMENTS  MACHINE  PRESSED  AT  30,000 
PSI,  AND  LAST  INCREMENT  HAND  PRESSED  BEFORE  BEING  PRESSED 
TOQETHER  WITH  BASE  IONITER). 


N 


l | 
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PLATE  3 

LOADING  PROCEDURE 
VENTED  BODIES,  FLAT  RAM 


ALL  INCREMENTS,  REGARDLESS  OF  NUMBER, 
IGNITER,  DELAY  OR  A-5  BLACK  POWDER 
PRESSED  SEPARATELY  WITH  FLAT  RAM  AT 
30,000  PSI 
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PLATE  5 


SEALED  DELAY  ASSEMBLY 


DELAY  CAP  SK-31352U 
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FUR  9 


BURNING  TES  - VS  - COLUMN  LENGTH 
FOR  STANDARD  D-7  MIXTURE 

0.203"  BOUT i COMB  RAM 
100  MO  T33B  PRIMER  BUD 
70  MO  F33B  BASS  IJfD 


X U50  MQ  iaCRBMMTS 
* 250  MO  IMCRIMBTS 
A 350  MO  INCREMENTS 


COLUMN  LENOTH  (INCHES) 


COMF1  DWTIAL 


TOTAL  DELAY  COLIMI  LENGTH  (INCHES) 
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PLATE  10 


BURNING  TINE  & COLUMN  LENGTH  VS 
NUMBER  OF  INCREMENTS  DELAY  (J>-7) 
(350  MG  INCREMENTS) 


BURNING  TIME  (SEC)  (10X  COLUMN  HEIGHT) 
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PLAT!  12  BURRING  TM.  vs  COLUMJ  HEIGHT 
0.156"  LCDiEO,  FLAT  RA K 


All,  FIRED  AT  ROOK  TEMPERATURE 

* 100  mg  INCREMENTS 

• 200  mg  INCREMENTS 


IGNITER:  30  mg  PHIFER  END 
2o  mg  BASE  END 
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PLATE  13  - URi'JING  TIKE  vs  CCLUIiN  HEIGHT 

VENTED  0.125"  BODIES  IGNITER:  20  mg  PRIMER  END 

• 75  ng  INCREMENTS  12  mg  BASE  END 
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0.2U 


VENTeli  0.109" 


20  mg  PRIMER  END 
12  mg  BADE  KID 
FLAT  RAM 


K-2  (60  mg  -MID  12f>  mg  IIIOltKiniTD 


4r 


-2  (20o  ng  INCH  TIL .'.TO) 


0.OO 


o.ko  o.6o 

CCUG LI  HEIGHT  (INS.) 
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PLATE  15 

DIMENSIONS  OF  RAMS 


1 - FLAT  RAM 


BOD!  TO  BE 

DIMENSIONS 

LOADED 

A 

B 

0.203" 

0.201 

0.175 

0.1 56" 

0.15U 

0.135 

0.125" 

0.12  k 

0.110 

0.109" 

0.108 

0.090 

n<3) 


At 


0.002 


2 - COKE  RAM 

CONE  RAM  USED  ONLX  IN  0.203" 
DIAMETER  BOUT 


FOR  FULL  DETAILS  OF  RAMS  SEBt 
NOL-SK-313190 
SK-313188 


O J 

•* A (SAME  AS  FLAT) 

£ 

0 

d 

1 

"* B (SAME  AS  FLAT) 

.U 

► 

0.060^0.001 

' 0.030^0.001 

1 ^ 
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CONE  UP 


CONE  DOW 


FLAT  RAM 


PLATE  16 
I ONI TER  STUDIES 


¥m^. 


r 3JB 

OKLAI  POWDER 
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PLATE  17  BURDIN  r TILL  vs  NiRuiiP:  IHCim  .LKTi 

(LOAD.-.D  v.ITH  50  mg  F33B  PRIMER  PUD 
ARE  30  mg  F33B  BASE  ELL  USING  FLAT  HAL.) 

0.203"  -jOuILS 
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NA’/CYcD  KFiOLT  22 1 


BURNING  TIME  Vo  NUMBER  OF 

(LOADED  WITH  100  Ml  F33B  f 
LOADED  WITH  70  M3  F33B  B 
LOADED  USING  CONE  R. 


0 12  3 

NUMBER  OF  330  MG  INCR 


r 


CONrIDEK'TIA 


BURNING  ties  (secs) 
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PLAT}',  19  BURLING  TL-iE  vs  CCLUI-iH  HEIGHT 

0 

F^AT  RAM  - 0.203"  BO  JILL 
350  mg  INCREMENTS 
50  ng  F33 B PRIMER' END 
30  mg  F33B  BADE  END 
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WEIGHT  (MG) 


IMF.  OF  DELAY  IN  SECONDS 


COfvFInF”'TLAL 
NA70RD  REF  CRT  22t2 


PLATE  2h 


BURN  INI  TIME  Of  nELA  Y VS  SI.-IULATED  COLUMN  LENGTHS 
IN  OBTURATED  BODIES.  U3INU  MIXTURE  M-l 


0 


0.10  0.20  0.30  O.LO  0.30  0.60  0.70  0.30 

SIMULATED  COLUMN  LEMOTHS  (INCHES) 

-A  EXCESS  IGNiTF-a  BASE  END,  B EXCESS  I UNITER 

CONFIDENTIAL 


o.yo  1.00 

PRIMER  END 


